The energy conserved during oxidoreduction in the mitochondrial respiratory chain may be used either for ATP synthesis or in other energy-linked reactions, including the uptake of univalent and bivalent cations (Ernster & Lee, 1964) . A sustained phase of cation uptake by isolated mitochondria, and a concurrent increase in the respiration rate, usually requires the addition of a permeant anion, e.g. phosphate or acetate. Univalent cation uptake is stimulated strongly by the antibiotics valinomycin and gramicidin (Moore & Pressman, 1964; Pressman, 1965; Chappell & Crofts, 1965) . A reaction mechanism for Ca2+ uptake by mitochondria (Chance, 1965) , in terms of the chemical coupling hypothesis of respiratory-chain phosphorylation (Slater, 1953) , postulates that the cation reacts with a high-energy intermediate (X I) formed in an energy-transfer pathway between the respiratory chain and the locus of ATP synthesis. According to the chemiosmotic theory of respiratory-chain phosphorylation, the respirationdependent uptake of cations by mitochondria is a consequence of some combination of an electricpotential gradient and a proton gradient across the mitochondrial membrane and does not involve the interaction between cations and high-energy intermediates (Mitchell, 1966a Rat liver mitochondria were isolated in 0-25M-sucrose and 5mM-tris-HCl buffer, pH7-4, by a standard method (Schneider, 1953) . Respiration rates were measured by the polarographic technique (Chappell, 1964a Chappell & Haarhoff (1967) have shown that the swelling of liver mitochondria in solutions of ammonium salts is dependent on the ability of the anion present to enter the mitochondria. A study was therefore made of the influence of mersalyl and formaldehyde on mitochondrial swelling. In agreement with previous results (Chappell & Haarhoff, 1967) , liver mitochondria were found to swell in solutions of ammonium phosphate or ammonium acetate, whereas swelling in ammonium succinate required the addition of a low concentration of ammonium phosphate. Mersalyl and formaldehyde strongly inhibited the swelling in ammonium phosphate or ammonium succinate with ammonium phosphate, but had relatively slight effects on swelling in ammonium acetate (Table 1, Expt. 2). The results of these and other swelling studies show that concentrations of mersalyl and formaldehyde sufficient to decrease strongly the phosphatedependent respiration of mitochondria also inhibit specifically those types of swelling that require the entry of phosphate into the mitochondria. They may be simply interpreted by postulating that mersalyl and formaldehyde prevent the entry of phosphate into mitochondria. It seems likely that p-hydroxymercuribenzoate has a similar action, and that the inhibition of phosphate-dependent respiration described by Fonyo & Bessman (1966) , by Van Buskirk & Frisell (1967) and in the present work (Table 1, Expt. 1) are all due to an inhibition of phosphate entry. Chappell & Crofts (1966) and Chappell & Haarhoff (1967) have concluded that the mitochondrial membrane contains a phosphate exchange-diffusion carrier, which permits the entry of phosphate or arsenate into the mitochondria. It is postulated that this carrier is inactivated by mercurials and by formaldehyde and thus becomes unable to mediate the transfer of phosphate across the mitochondrial membrane. The fact that both mercurials and formnaldehyde form complexeswithproteinssuggests that the carrier may be a protein or lipoprotein. The inhibited state of respiration and swelling induced by mersalyl was abolished by the further addition of cysteine, indicating that the mercurial did not act by promoting an irreversible protein denaturation or swelling of the mitochondria.
The hypothesis that mercurials and formaldehyde decrease respiration by inhibiting the phosphate exchange -diffusion carrier is consistent with previous observations (Fonyo & Bessman, 1966; Van Buskirk & Frisell, 1967 ) that the reagents inhibit succinate oxidation uncoupled by arsenate without having much effect on that uncoupled by 2,4-dinitrophenol. In the former case the uncoupling action of arsenate is presumably dependent on the entry of arsenate into the mitochondria via the phosphate exchange-diffusion carrier. When 2,4-dinitrophenol is present a rapid rate of oxidation can occur because added phosphate is not required for the oxidation of most substrates, including succinate, by liver mitochondria treated with this uncoupling agent (Chappell, 1964b) .
At the present time the influence of compounds that inhibit energy-linked reactions appears to be confined to the inactivation of either the reversible coupling adenosine triphosphatase [e.g. oligomycin (Kagawa & Racker, 1966) , dicyclohexylcarbodiimide (Beechey, Holloway, Knight & Roberton, 1966) and organotin compounds (Sone & Hagihara, 1964) ] or the phosphate exchange-diffusion carrier (mercurials and formaldehyde). It appears to be unnecessary to postulate, as Fonyo & Bessman (1966) and Van Buskirk & Frisell (1967) have done, that mercurials and formaldehyde suppress mitochondrial respiration by inhibiting an energytransfer pathway between the respiratory chain and the site of ATP synthesis, or more specifically that they inhibit the reaction: A I + X -*A + X ' I.
The results of stuLdieswith inhibitors of energy-linked reactions are consistent with the view (Mitchell, 1966b) that both the reversible adenosine triphosphatase and the phosphate exchange-diffusion carrier are essential components of the mechanism of respiratory-chain phosphorylation, and also with his suggestion that the mechanism does not involve a reaction of the type: A I +X-*A+X X-I.
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